In order to study the metabolism of spermidine in mammals, radioactive spermidine was injected intraperitoneally into a rat and urine was collected for analysis. Incorporation of radioactivity into putreanine, isoputreanine, spermidic acid, and N-aminopropylpyrrol idin-2-one was confirmed by ion-exchange chromatography, thin layer chromatography, and paper electrophoresis, the highest radioactivity being observed in the non-polar and acidic fraction of the collected urine. A radioactive compound was purified from the non-polar and acidic fraction, and identified as 2-oxo-l-pyrrolidinepropionic acid by comparison of its behavior on ion-exchange chromatography and thin layer chromatog raphy with that of authentic 2-oxo-1-pyrrolidinepropionic acid, and recrystallization with the authentic compound. Acid hydrolysis of the radioactive compound produced radio active spermidic acid, confirming the identification.
To examine the interconversion between isoputreanine and N-aminopropylpyrrolidin-2-one, these compounds were deuterated and then intraperitoneally injected into a rat. Analysis of 24-h urine by gas-chromatography-mass-spectrometry indicated no interconversion between the two metabolites of spermidine under these conditions. An intracerebroventricular injection of radioactive spermidine into a rat showed that radioactivity was also incorporated into the metabolites of spermidine in the brain, and oxidative deamination of the aminopropyl moiety of spermidine was thought to be dominant in the central nervous system and vice versa in peripheral organs.
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The polyamines, spermidine, and spermine, and their precursor, putrescine, have been proven to exist in a wide variety of life forms, including mammals, and may be involved in tissue growth and development. The details of their physiological actions and metabolism remain to be clarified. Nakajima (1) and Noto et al. (2) identified N-(4-amino butyl)-4-aminopropionic acid (putreanine) in rat brain and liver, and N-(3-aminopropyl)-4-aminobutyric acid (iso putreanine) in rat urine, respectively, as spermidine metabolites. In 1982, Seiler et al. (3) identified N-amino propylpyrrolidin-2-one as a spermidine metabolite in mouse liver and considered this compound as a precursor amine of isoputreanine. In 1990, Kamimura et al. (4) discovered that 14C-labeled N-aminopropylpyrrolidin-2 one is produced in the brain and urine, as well as the liver, of rats treated with [14C]spermidine. Van den Berg et al. (5) found that in rats, putreanine or isoputreanine further undergoes oxidative deamination at the 8 and 1-positions, respectively, and is metabolized into N-(2-carboxyethyl) 4-aminobutyric acid (spermidic acid). Fussi et al. (6) reported the existence of spermidic acid in bovine brain and in human cerebrospinal fluid. These findings have aroused our interest in the significance of spermidine metabolism in mammals, for particularly as to what is the major meta bolic pathway for spermidine and whether or not its metabolic pathway varies in different organs.
In the present study, using rats treated with [14C]sper midine, firstly an unidentified metabolite of spermidine was discovered, which was produced possibly through oxidative deamination. Secondly, in vivo interconversion between spermidine metabolites in rats was investigated. Finally, the difference in spermidine metabolism in the brain and peripheral organs was studied. allowed to stand for 30min at room temperature, followed by removal of the solvent). Isoputreanine was previously dissolved in methanol saturated with hydrochloric acid, and then boiled under reflux for 10min for methylation (7) . 2-one. The proportions of radioactivity incorporated into these compounds were 0.187, 0.094, and 0.571%, respec tively (Table II) .
MATERIALS AND METHODS

RESULTS
Identification
Analysis of 36-h Rat Urine after an Intraperitoneal Injection of [14C] Spermidine and of Rat Brain 36 h after an Intracerebroventricular Injection of [14C] Spermidine
To determine whether or not spermidine metabolism differs between the brain and peripheral organs, analyses were performed on 36-h rat urine after an intraperitoneal injection of [14C] spermidine and on rat brain removed 36h after an intracerebroventricular injection of [14C]sper midine. The distributions of radioactivity of spermidine and its metabolites in the urine and brain are shown in Table III . The ratio of radioactivity incorporated into putreanine and isoputreanine+N-aminopropylpyrrolidin 2-one was calculated to be 1:3.4 in urine and 15:1 in brain, suggesting a difference in spermidine metabolism between them, because the former metabolite is the product of oxidative deamination of the aminopropyl moiety of spermidine, and the latter are the products of that of the aminobutyl moiety of the polyamine. form) and the basic ampholyte fraction was prepared. This fraction was evaporated to dryness under reduced pres sure, and the residue dissolved in a small quantity of water, which was then passed through a Polyprep chromatography column (Bio-Rad, South Richmond, U.S.A.) filled with 2ml of Amberlite CG 120 (100-200 mesh, NH4+ form). After washing the column with water, the fraction containing isoputreanine was eluted with 20ml of 0.2M ammonium hydroxide, and that containing N-aminopropylpyrrolidin 2-one with 20ml of 2M ammonium hydroxide. These two fractions were evaporated to dryness under reduced pres sure and then subjected to GC-MS analysis. The 24-h urine in the both studies was proven not to contain [D2] isoputreanine, a ring cleavage product of the pyrrolidone derivative, or [D2] N-aminopropylpyrrolidin-2-one, a closed ring product of the amino acid.
DISCUSSION
Polyamines were previously considered to be hardly metabolized in mammals, but it has become evident, through tracer experiments, that they do undergo a certain degree of metabolism. Putreanine, isoputreanine, sper midic acid, and N-aminopropylpyrrolidin-2-one have been identified as metabolites produced on oxidative deamina tion of spermidine, In the present study, [14C] spermidine was administered to rats, and from the acidic fraction purified from the rat urine, 2-oxo-l-pyrrolidinepropionic acid was isolated and identified. Succinic acid, which has been identified as an acidic metabolite of polyamines, exhibited almost the same behavior on TLC as that of 2-oxo-l-pyrrolidinepropionic acid. Nevertheless, succinic acid is a dicarboxylic acid and is easily separated from 2-oxo-l-pyrrolidinepropionic acid by anion exchange chro matography. The formation of spermidic acid, a ring cleavage product of the pyrrolidone derivative, by acid hydrolysis is considered to support this identification. Seiler et al. (3, 11) described that N-aminopropylpyr 
